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We show the results of such a study. We find that the energy dependence of these cross sections appears to agree quite well with that from the :ivailable experimental results.
The organization of this work is as follows: Section 2 presents a general outline of the theoretical methods used, and Section 3 discusses the predicted excitation cross sections and compares them with existing data.
()For reviews, see (a) Levine 
THEORETICAL METHOD
The information theory approach to dynamics is well documented in the literature(6,7) and will only be outlined here.
The state-to-state cross section for reactants in quantum state n and products in the final state n' is given by (5,6)
where E is the total energy, gi and E. are the degeneracy and energy of the i t h internal quantum level, T nn, is the transition matrix element for the n -n' transition, k n2 2(E -En)/ 2 with p as the reduced mass, and
PT(E -E.) is the translational density of states for a species in the ith quantum level, i.e.,
The concept of a "Prior" cross section, labeled o , is that which obtains when all quantum transitions are taken to be equally probable, i.e., Inserting Eqs. (2) and (3) into (1) yields
Here, B is a collection of constant factors, the initial translational energy is ET = E -E , and the energy defect of the transition, Q nn" is given by
Note that E is the internal energy relative to the zero point level (for n electronically adiabatic nonreactive processes, Eo = E0,). It is interesting that on purely kinematic grounds (i.e., no dynamical considerations), the prior cross section decreases for exoergic (Qnn' < 0) processes and increases for endoergic (Q nn' > 0) processes. Now, the true transition cross section will differ from the prior cross section due to various dynamical effects or constraints. It is the goal of information theory to predict the "best" form of the cross section consistent with tile observables of the process.
['his is accomplished by use of the Max-(6) imum Entropy Principle, which timply stated means that a system proceeds such that the entropy achieves its maximal allowed value, constrained of course, to reproduce the independent observables. Now, the state-to-state cross section may be written in the form
where o(n) is the total cross section out of state n and P(n'In) is the conditional probability of scattering into state n' given a reactant in state n, namely P(n' In)
If there were only one independent observable, say the average of the varlble x, then the Maximum Entropy Principle would predict the form (6,7) For the present, we assume that in an inelastic cellision process there i.
only one independent observable which is the average absolute fractional unerLv transferred. That is,
n n and therefore,
where A o(n) exp(-0).
Of the two unknown constants in Eq. (10), A and
, typically A is a slowly varying function of energy and the majority oI the energy dependence of o is contained in A. We assume A to be independent of (7) energy. The parameter ) will be determined by a procedure known as the Sum Rule.
The concept of the Sum Rule is as follows: The average fractional cnergyv transferred from an initial state n is given by <Af> = Af P(n'in)
nf Now when n is the lowest state, E , > E for all n' and thu. If> > 0. Here n the system tends to gain energy per collision. When n is the highest state allowed for the given E, E , < E for all n' and thus <Af><0 and the system tends to lose energy per collision. Clearly, for some n, say n (perhaps not integral), <Af> = 0. That is, when the initial energy is E-, the averagen energy transferred is zero, the system neither tends to gain nor lose energy
(7)
per collision. Following the lead of Procaccia and Levine, we assume that E -is the microcannonical equilibrium value corresponding to an average over n E n, namely
Therefore, using Eqs. (4-12), A(E) is obtained from the solution of 0 =-Z Af g n,(E -E n) 1/2 e-Af
nn When there are two degrees of freedom, say n I and n), then the probability of energy transfer from nIn 2 to nl'n 2 ' may be written as P(nl'n 2 'Inln 2 ) = P(nl'nln 2 ) P(n2' nl'n 1 n 2 ) (14)
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t where the second term is the probability of ending in n 2 ' given a particular ni'. The first term is simply P(n l 'ln l n 2 ) = 2: P(nl'n 2 'Inln 2 ) .
(15) n 2
The energy transfer variables corresponding to this division are
Thus A i Isthe fractional energy transferred to the n I degree of freedom and Af 2 is thefractional energy transferred to the n 2 degree of freedom given the n initial and final states.
The state-to-state cross section is then given by u(n 1 n 2 n 1 'n 2 ') = (n 1 n 2 ) P(n 1 'n 2 '1n 1 n 2 ) In Eqs. (18) and (19),
The generalization to an arbitrary number of degrees of freedom is straightforward and will not be presented here. 
EXCITATION CROSS SECTIONS
The only information needed to apply the method of Section 2 to a particular system is a model for the energy levels. For the present treatment we will uncouple all vibrational modes. Moreover, due to the computational time involved in molecules such as CO 2 and H20 with many internal degrees (d freedom, we will assume that hot bands do not play a role in the resulting 2 mods ar adiaaticwith respect to 3 spectra. That is, the V 1 and v modes are adiabatic i a excitation. As will be seen at least for CO2this is not a severc limititi,,. 1
It should be ncted, however, that the present treatment may b extended to include all degrees of freedom. Our model is in effect placing additional constraints on the system.
The energy level scheme adopted for CO is E.
and for H2 0
The spectral constants used are given in Table I . collision may be detected.
9
In conclusion, it should be noted that the theory presented here Xtmi the current literature and thus more research is necessary (bothI expt-r imtil:
and theoretical) to understand any restrictions, wihi must he consiord.
However, these results are certainly encouraging. 
